INTRODUCTION
We have proposed a new ignition scheme of Fast Ignition, called "Impact Fast Ignition (IFI)" [1] . In this method, a compressed main fuel is ignited by impact collision of separately imploded fuel (impactor). Figure. 1 shows the schematic diagram of IFI scheme. In 2006, we have started the neutron generation experiment for IFI. At first, we used colliding foil target which consists of two pieces of deuterated-polystyrene (CD) foil as a fundamental experiment. Next, we conducted an integrated experiment to demonstrated impact heating of compressed core plasmas. In this experiment, we used a CD shell target and a hemispherical CD impactor attached on an gold cone. The results of these experiments were reported in ref [2] .
Fig. 1 Schematic diagram of IFI
In a fundamental experiment performed at 2007, we measured the neutron yields and the velocity of impactor simultaneously. Here, we present and discuss the results of this fundamental experiment.
FUNDAMETAL EXPERIMENT
In a fundamental experiment performed at 2007, we used colliding foil targets. These targets consisted of a CDBr impactor (with the thickness of 22 µm and 12 µm) and polystyrene (PS) foil with a 600 µm separation. CDBr was a deuterated-polystyrene doped with 0.3-atomic% bromine. Figure 2 shows the target arrangement of this experiment. A CDBr impactor was accelerated by the high power laser (1.1 kJ) from the HIPER (High Intensity Plasma Experimental Research) [3] and collides to stationary CH foil. The CDBr impactor was heated by this collision, and DD thermonuclear fusion reaction occurs in this high temperature plasma (
Neutron yield and trajectory of impactor were measured simultaneously in three shots that used the CDBr impactors.
Fig. 2 Target design of colliding foil target
The laser wavelength and spot size on the target surface were 0.35 µm and 300 µm, respectively. The laser pulse shape was nearly flat-topped with full width at half maximum (FWHM) of 2.5 ns.
In order to evaluate the heating by collision, we measured DD neutron yield. We used two neutron detectors which consist of plastic scintillator (BC422) and a photomultiplier (HAMAMATSU R2083). These detectors had calibrated to neutron yield by measuring the DD neutron yield and DD proton yield simultaneously in a separate shot with using a thin CD shell target. The neutron yields were measured from two different directions with using these detectors. Distances from these detectors to the target were 51.2 cm. The trajectory of the impactor was determined by side-on x-ray self-emission measurement. The temporal change of an x-ray self emission profile of the target was recorded with an x-ray streak camera whose spatial resolution and time resolution were 20 µm and 50 ps. The experimental set up is shown in Fig. 3 . 
Fig. 4 Obtained neutron signals in this experiment
In this experiment, we observed 1. 2 10 6 DD neutron yield when we used a impactor with the thickness of 12 µm and 2.0 10 5 and 6.4 10 5 neutrons observed with used 22-µm thick impactor. The values of neutron yield measured by two detectors were comparable, which means that the emission of these neutrons was isotropical. The raw data of x-ray streak camera is shown in Fig.  5 . We observed the emission from the ablation front on the impactor and also strong x-ray emission appeared after collision. While no x-ray emission from the stationary target after collision, which means that only impactor heated by collision. The velocity of impactor just before collision (V imp ) was obtained from these trajectories. The results of three shots were shown in 
DISCUSSION
In order to analyze heating mechanism, we compared obtained data with the result of model calculation which outputs the neutron yield as a function of the velocity of impactor (V imp ) from the following simple assumptions [4, 5, 6] .
The mass ablation rate ( where t pw is the pulse width of laser. Figure 6 shows the relation between the V imp and I with a 22µm thick impactor.. 
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If all kinetic energy of impactor was converted into thermal energy, the temperature of plasma which produced by collision is written as follows.
where m p is a mass of proton (g). DD nuclear fusion cross section σv was calculated by following Peres's model [7] .
(cm 2 )
The result of this calculation is shown in Fig. 7(a) . The pressure (P a ) of reflected shock wave which passed through the impactor after the collision is achieved as a solution of following equation derived from a 1D shock tube model [8] based on the Rankine-Hugoniot relations.
where ρ i and P i are density and pressure of the impactor before collision, ρ s is a density of the stationary target.
They are calculated by 1D simulation code "ILESTA-1D". The velocity of this reflected shock wave D and the density of the impactor after collision ρ a are written as follows by using P a .
The confinement time τ is defined as the time for the reflected shock wave to go through the impactor. Thus, τ = (thickness of impactor)/(shock velocity). Fig. 7(b) shows the relation between τ and I by using a 22-µm thick impactor. The confinement time τ is decreases as laser intensity increases. Because, the shock velocity D increases and the final thickness of the impactor decreases as laser intensity increases. where S is the area of the impactor at collision. Here, we adopted the spot size of the illumination laser light as S.
We compared this model with the results of our experiment. Fig. 8 shows the relation between the V imp and the Yn. The interrelation between Yn and V imp predicted by model calculation agrees well with our experimental results.
In our model prediction, Yn decrease as I increase (V imp increase) at high laser intensity region. Because, confinement time τ decrease as I increase. When a 12-µm thick impactor is used, Yn reaches maximum value at V imp = 700 km/s and it decreases gradually at V imp > 700 km/s. While using the 22-µm thick impactor, Yn reaches maximum value at V imp = 1200 km/s. A saturation level of Yn is higher than using 12-µm thick impactor. Because, residual mass at the collision is large. In order to achieve a Yn = 1.0 10 8 , we need a thickness of impactor 19-µm or more.
If we will use the laser of intensity two times higher than that of this experiment for the 22-µm thick impactor, we will achieve the V imp = 1000 km/s and Yn = 2.6 10 8 .
CONCLUSION
In our fundamental experiment of IFI performed at 2007, we used the colliding foil target with CDBr impactor. We measured the neutron yields and the trajectories of impactor simultaneously in this fundamental experiment. We could achieve the velocities of impactor from these trajectories.
Our experimental results agree well with the results of model calculation based on a simple assumption. We can predict the neutron yield by using this model. In order to achieve the Yn = 1.0 10 8 , we need the velocity of impactor of 660 km/s as the laser intensity of 880 TW/cm 2 for the 22-µm thick impactor.
